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GENETIC STUDIES 


INTRODUCTION. 


comparison with mammals the sex ratio birds has been 
studied relatively few investigators. The first report the 
sex ratio birds appears have been made Darwin 1871. 
noted that the per cent. males females 1,001 chickens 
raised Stretch was 48.65. Field (1901) 2,105 chickens 
reported sex ratio 44.63, Thomsen (1911) 805 observations 
sex ratio 47.82, Pearl (1917) 22,791 cases percentage 
48.57 males, Crew and Huxley (1923) sex ratio 49.26 
total 753 chicks and embryos examined, Jull (1924) sex ratio 
48.88 2,396 individuals sexed, and Mussehl (1924) per- 
centage 52.24 males from total 1,514 chicks upon which 
observations were made. pigeons Cole and Kirkpatrick 
(1915) found that the per cent. males females was 51.06 
total 1,800 squabs and embryos examined. 

The above data represent the total ratios observed the 
various investigators living chicks and dead embryos. With 
respect the prenatal sex ratio, however, the data are less 
extensive, although the sex the chicken may quite readily 
told macroscopically the ninth day incubation. those 
reporting the prenatal sex ratio, Pearl (1917) has the most 
extensive data, and gives sex ratio 48.3 from total 
1,921 embryos dying between the tenth day incubation and 
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hatching. Jull (1924) found sex ratio 47.18 embryos 
dying after the eleventh day incubation taken average 
the results continuous hatches throughout three-year 
period. Thomsen (1911) total 805 embryos examined 
before hatching found ratio 47.82, while Crew and Huxley 
(1923) observed prenatal sex ratio 45.24 out total 420 
embryos examined. the latter case, some the parents 
the embryos were subjected treatment with thyroid extract. 


MATERIAL AND METHODs. 


The material for the present study was obtained primarily 
from the and generations and backcross chicks crosses 
made between the Rhode Island Red and White Leghorn breeds, 
and also data from crosses made reciprocally between the 
Black Langshan and White Plymouth Rock, the Black Langshan 
and Buff Orpington, and the White Plymouth Rock and Buff 
Orpington. addition number observations were made 
data from the White Leghorn breed. 

All eggs were candled the sixth, twelfth, and eighteenth 
days incubation, and embryos found dead these respective 
days were classified and D;. All embryos found dead 
between the eighteenth day incubation and the day hatching 
were listed dead the shell (DS). All chicks the 
and classes, and chicks dying before was possible deter- 
mine their sex from the external appearance, were dissected and 
the sex determined that manner. The sex ratio all living 
chicks was determined soon that was possible from their 
external appearance. 

1925 the total sex ratio from 121 hens between the hatching 
dates March and May was obtained with the exception 
losses due straying, loss bands, predatory enemies, and 
losses due fire which destroyed portion the hatch one 
week. Data are given showing the number individuals upon 
which the sex was not determined, but there reason believe 
that the sex ratio these chicks would have deviated greatly 
from the ratios observed. 

addition the above, observations were made upon the 
live chicks and dead embryos number hens during the years 
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1924 and 1925. These data are not continuous throughout the 
hatching season but represent only data secured various inter- 
vals during the hatching season. The record any one hen, 
however, complete for the period which the observations 
were made. 

The sex ratio used herein expresses the percentage males 
females the population. 


RESULTs. 


During the two years grand total 2,910 embryos and 
living chickens was examined. these 1,488 were males and 
1,422 females sex ratio 51.13. results the two 
years records are shown Table 


TABLE 


NuMBER MALES AND FEMALES OBSERVED AND THE SEX RATIO 
FOUND THE CHICKS HATCHING AND THE DEAD EMBRYOS. 


Chicks 


Hatching. Totals. 


will noted here that the sex ratio each class, namely 
and living chicks, over fifty, being 55.82 the 
50.06 the and 50.97 the living chicks. The results 
each the two years are not very close agreement although 
the same general trend exists each case. 

From the 2,910 individuals shown Table complete sex 
ratio was secured 2,266 chicks and embryos developing from 
the eggs produced 121 hens during the season 1925. all 
eggs used from this group 121 hens and that developed beyond 
the twelfth day incubation, barring those chicks lost due the 
causes previously mentioned, complete sex ratio was obtained 
between the hatching dates March and May These data 
are shown Table II. 


Year. 
13 8 61.90 
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the 2,266 individuals shown the above table 8.12 per cent. 
were embryos dead between the twelfth and eighteenth days 
incubation, 22.11 per cent. between the eighteenth and twenty- 
first days, and 69.77 per cent. were chicks sexed after hatching. 
interesting note this connection that the most critical 
period development apparently between the eighteenth and 
twenty-first days incubation. all eggs set and dying the 
embryonic stage, 361 34.5 per cent. died before the twelfth 
day incubation, 184 17.6 per cent. between the twelfth 
and eighteenth days, and 501 47.9 per cent. during the last 
three days incubation. 

The sex ratio listed each week for the three classes D;, 
and chicks hatched respectively, together with the totals for 
each week and the total ratio each class for the entire period 
with the corresponding ratio males. These data Table II. 
represent total 79.20 per cent. all fertile eggs set during 
this time. the remaining 20.8 per cent. upon which the sex 
was not determined 12.62 per cent. 361 died before the twelfth 
day incubation and 8.18 per cent. 234 were lost due the 
causes listed. 

the class with the exception the last two weeks in- 
terval the sex ratio comparatively high, ranging from 52.83 
64.70. However, general trend apparent during the con- 
secutive intervals the highest sex ratio appears the interval 
from March and the next highest the period April 
22. 

those embryos dying between the eighteenth and twenty- 
first days incubation general trend the sex ratio like- 
wise apparent. general, however, the sex ratio lower than 
among the class. 

the chicks sexed after hatching particular trend noted 
the sex ratio from the beginning the end the hatching 
season. The per cent. males the chicks hatching varies 
from 46.37 54.00 with average 50.85. From the total 
2,266 chicks and embryos examined 1,170 51.63 per cent. are 
males and 1,096 48.37 per cent. females. 

Some the data included Table were not complete for 
the whole These were obtained both 1924 and 1925 
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and were tabulated without regard the week which they 
were obtained. few the hens only data from the dead 
embryos were included, whereas, others both data from dead 
embryos and chicks were included. all cases, however, where 
the sex ratio chicks was determined represented total hatch 
those particular hens for that period. other words repre- 
sents the complete record the hens for any one interval. These 
unclassified data appear Table III. 


TABLE III. 


THE OBSERVED SEX RATIO SOME UNCLASSIFIED DATA OBTAINED DURING THE 
HATCHING SEASONS 1924 AND 1925. 


Chicks 
Hatching. Total. 
Year. 

24 | 20 | 54.55] 128 | 46.22] 77) 55 | 58.23] 211 | 203 | 50.97 
13 8 | 61.90] 26) 34) 43.33] ©68| 81 | 45.64] 107 | 123 | 46.52 


The large number chicks dead between the eighteenth and 
twenty-first days incubation appearing the 1924 data due 
the fact, mentioned before, that some cases only the dead 
embryos certain hens were sexed. 

this the preceding tables very definite trend the 
sex ratio apparent. While there seems excess 
males the column and excess females the D.S column 
the numbers are probably not large enough indicate selective 
mortality the different stages incubation. This would 
appear especially true since similar condition appears for the 
more extensive data shown Table the chicks hatching 
listed Table III. high sex ratio occurred 1924 and low 
sex ratio 1925. would appear that the variations 
noted this table are probably due the small numbers. 

From the methodological standpoint Pearl (1917) has indicated 
the advantage basing the sex ratio families ten more 
individuals. has compared the mean sex ratio families 
various sizes and finds the following ratios each: 
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Families and over 48.57 0.28 
Families inclusive 49.39 0.84 
Families 1-3 inclusive 55-07 2.11 
Families and over 48.80 0.33 
Families all sizes 


becomes apparent from these figures that the smaller families 
are more likely show extreme values the sex ratio. fact, 
according Pearl, ratios above and under occur very rarely 
families ten more. 

The ratio males for different colonies the present experi- 
ment together with the number hens each colony shown 
Table IV. 

TABLE 


Tue Sex RATIO FOR THE DATA SHOWN TABLE II. ACCORDING 
BREEDING AND COLONIES. 


Chicks 


DS. Hatching. 


Breeding. 


(White Leghorn 
Rhode Island Red) 

(Black Langshan 
Buff Orpington 
White Plymouth Rock 


White Leghorn 

Plymouth Rock 
Black Langshan 

(White Plymouth Rock 
Black Langshan 

(White Leghorn 


White Leghorn 
White Leghorn 


The range the data from 46.91 the smallest colony with 
total five birds 56.87 per cent. males colony with 
fifteen birds. The average sex ratio for all colonies 51.63. 


No. 
(Rhode Island 
(Rhode Island Red 
(White Leghorn 
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Both the high and low sex ratios appear colonies White 
Leghorns. The individual range the colony showing the 
lowest per cent. males was from 33.3 66.7 per cent. the 
colony showing the highest sex ratio the range was from 44.4 
85.7 percent. tabulating this range only birds producing ten 
more chicks and embryos that were sexed were included. This 
included all individuals the small colony and fourteen out the 
fifteen the large colony. The average sex ratio the last case 
when determined for the fourteen birds having more sexed 
offspring was was thought necessary determining the 
range include only birds having ten more sexed offspring 
any smaller number than that would hardly give repre- 
sentative sample. 

From the total eleven colonies only three show sex ratios 
less than 50. relationship appears exist between breeds 
and the sex ratio for the hybrids show about the same variation 
the pure breeds. 


INFLUENCE EGG WEIGHT AND PRODUCTION UPON THE 
RATIO. 


Jull (1924) found relationship between average weight 
eggs and the sex ratio, and Jull and Quinn (1925) found cor- 
relation between the weights individual eggs and the chicks 
hatching from them. 

Since the average egg weights for all hens used this 
experiment were available well the sex ratio for these hens, 
correlation between these two variables has been calculated. 
this study only those hens that have total ten more 
chicks embryos upon which the sex had been determined were 
included, the total number being thirty-nine. The correlation 
coefficient for egg weight and percentage males was 0.060 
This correlation being smaller than its probable error 
certainly indicates that direct relationship exists between 
these variables. 


this same group birds the rate production preceding 
the hatching season has not influenced the sex ratio. this 
calculation the percentage rate production was used. This 
rate production was used because the birds began laying 
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different dates and the rate was determined dividing the total 
number eggs laid the number days between the date 
first egg and the beginning the hatching season. The correla- 
tion this case was 0.111. This correla- 
tion likewise not significant and indicates, this particular 
group birds, that preceding production has not influenced the 
sex ratio. 

study the sex ratio based hatches throughout the 
entire year Jull (1924) found 0.704 0.031 
between the sex ratio and antecedent egg production. the 
season advances the ratio males decreases, and Jull concludes 
that the cause for this decrease directly related the ante- 
cedent egg production. 

The rate egg production during the hatching season, like- 
wise, was found not have influenced the sex ratio this 
group birds. The correlation ccefficient between total pro- 
duction during the hatching season and the sex ratio was 
0.009 0.108. This correlation, like the two preceding, 
not significant being much smaller than its probable error. 

Since the correlation all three cases were negative 
and smaller than their respective probable errors the conclusion 
justified that neither mean egg weight, measured for each 
bird nor the rate production both preceding and during the 
hatching season has influenced the sex ratio. other words 
there tendency for those birds laying the fastest laying 
the heaviest eggs produce more less males than the birds 
producing the fewest the lightest eggs. 

The correlations between these three variables together with 
their respective ranges, means, variability, and 
standard deviations are shown Table 


The data presented herein for the most part show higher 
sex ratio than has been reported other investigators. 
(1924) reporting sex ratio 52.24 per cent. the only one 
reporting higher percentage males. Cole and Kirkpatrick 
(1915) report approximately the same sex ratio pigeons 
reported the present writers, namely 51.06 per cent. All 
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other studies have indicated ratio less than fifty per cent. 
males, both for living chicks and dead embryos. reason for 
this higher sex ratio apparent. true that number 
the birds were lost due various causes but the writers have 
reason believe that there was selective mortality the chicks 
that were lost. 

The proportion males among the embryos dying between 
the twelfth day and eighteenth day incubation rather high, 
being 55.82. made Table IV. may 
seen that does not hold consistently true that the males 
exceed the females the class. the class there 
practically equality males and females, the ratio males 
being 50.06. previous investigators reporting the prenatal 
sex ratio alone birds have reported sex ratio less than fifty 
per cent. They likewise have seemed agreed that selective 
mortality one sex the other previous hatching does not 
occur. 

The number birds upon which the correlations have been 
calculated small but the results found here are general 
agreement with those other investigators. More the birds 
were not inc uded these studies because the mean egg weight 
varies for different breeds and most cases the antecedent egg 
product the birds used the various crosses was not known. 


SUMMARY. 


The sex ratio for 2,910 chicks and embryos examined was 
51.13. 

The sex ratio for total living chicks was 50.97, for embryos 
dying between the eighteenth and twenty-first days 
50.06, and for embryos dying between the twelfth and eighteenth 
days 55.82 per cent. 

tendency for increase decrease the sex ratio 
the hatching season progressed was noted. 

The sex ratio hybrid birds approximately the same 
for that the pure breeds observed. 

relationship between the sex ratio and the factors 
mean individual egg weight, antecedent egg production, and 
actual egg production during the hatching season apparent. 
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The respective correlations found between these variables were 
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LIFE CYCLE NASSULA ORNATA AND NASSULA 
ELEGANS: ARE THESE SPECIES VALID? 


EDNA 


DESCRIPTION. 


Nassula ciliated protozoan living fresh water where 
there abundance Oscillatoria and not too much sunlight. 

Laboratory cultures Nassula for these experiments were 
maintained placing them ordinary square watch glasses 
with spring water and fresh Oscillatoria, and these turn, placed 
large covered glass vessels containing small quantity water. 
The cultures were kept subdued light direct sunlight was 
found fatal. All work Nassula was done with pure 
lines started from one individual and maintained for nearly year. 

The genus Nassula was first described Eherenberg about 
1830. His description includes the species Nassula ornata and 
Nassula elegans, the main difference between the two being color, 
shape, and size. ornata describes being ovate 
cylindrical, dark green violet color and about micra 
length. elegans, gives varying color from red 
transparent, elongated, and about 160 micra length (Eyferth, 
1900). 

However there great confusion the classification Nas- 
sula. Pritchard (61), describes ornata and viridis the 
same species while Eyferth (00), describes ornata and aurea 
exactly opposite the description given Cohn (53), for the 
same species. 

Not only the species are confused, but also the genus, 
shown the following: hints probable that this 
species aurea) and viridis, Chilodon aureas and Ch. ornatus 
are merely different stages the same (Pritchard, 61). 

The entire body Nassula covered with cilia appearing 
rows, approximately longitudinally disposed, over its surface. 
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The nuclear complex peculiar that not differentiated 
into micro- and macro-nuclei but very similar the nucleus 
Ameba proteus. This statement does not agree with Cohn 
(53), who says elegans, Nucleus elliptic, with nucleolus 
lodged one end.” And Pritchard (61), with elegans 
mind, thinks the stoutly clavate, and terminated 
small oblong nucleolus its narrower The 
nucleus does not occupy fixed position but moved around 
the streaming the protoplasm. 

The mouth opens into pharyngeal apparatus composed 
about twenty-five pharyngeal rods arranged the form 
truncated cone, with the base anteriorly directed. This pharyn- 
geal apparatus described all the above mentioned authors 
for all species with the exception Cohn (53), who states that 
there such apparatus elegans. About one third the 
way posterior the base this basket-like cone appears 
(00), for elegans. Nothing was said this ring 
However, have been able demonstrate this ring prepared 
material both species. Eherenberg probably overlooked 
living specimens ornata because its being obscured the 
food vacuoles. This mechanism seems serve support 
the pharyngeal rods and also aids drawing Oscillatoria filaments 
through the pharynx into the body the animal. 

Food vacuoles are numerous and vary number and color 
with the amount food injested and the stage digestion 
this food. freshly fed Nassula contains many food vacuoles 
such dark color that the other morphological details cannot 
made out with certainty. Just after injestion food the 
vacuoles are brown dark green due the color the Oscilla- 
toria, but digestion proceeds they are changed shade 
purple, then pink and finally faint straw color. All these stages 
may encountered one time the same individual. 

The contractile vacuole, which there but one, peculiar. 
stationary and the point toward which the streaming 
the protoplasm directed. metabolism ensues minute 
vacuoles clear fluid are formed throughout the protoplasm. 
With the streaming the protoplasm these vacuoles are brought 
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into close contact with the point which the contractile vacuole 
formed. the minute vacuoles come together they fuse 
form larger vacuole, which, when its maximum size reached, 
discharged. Thus there can always seen larger contractile 
vacuole with smaller vacuoles various sizes surrounding it, 
while others are drifting through the cytoplasm toward it. 
the point excretion situated wedge-shaped pore connecting 
the contractile vacuole with the outside the animal, and 
through which the waste material passes. Waste material 
discharged the rate about eighty seconds. 

Nassula thrives only Oscillatoria. Although have ob- 
served Nassula containing few desmids, have never been able 
maintain culture using desmids food. Nassula divides 
transverse fission. The nuclear conditions during division have 
not yet been completely worked out but work being done 
the present time this subject. Binary fission found occur 
more frequently older cultures. 


WARRANT FOR Two SPECIEs. 


The amount food present plays great part the life 
history Nassula. long there abundance Oscil- 
latoria the animals, which were classified ornata Eheren- 
berg, live and multiply the normal way and continue present 
the color, size and contour But the food supply 
becomes exhausted they undergo noticeable changes these 
features. stated above normally ovate 
cylindrical, brown dark green color and about 200 micra 
long, but the food supply diminishes the animal becomes 
very much smaller and decidedly longer than wide. The 
color the food vacuoles changes faint red. this condi- 
tion meets all descriptions elegans. If, when this stage 
reached, Oscillatoria fed the animals, they immediately 
attach themselves the filaments feed. Several hours later 
they will seen contain numerous food vacuoles very 
dark color and their normal size again reached, now meeting 
Eherenberg’s description Thus, withholding 
food, ornata may made assume the characteristics 
elegans. Age the culture also, over against lack food, 
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plays small part the converting the so-called 
elegans. Older cultures ornata change short while 
before those which the water fresher. This will seen 
referring Table Hence find that ornata and 
elegans are but metabolic phases single species based upon 
nutritional and toxic conditions. 


ENCYSTMENT. 


stated above, after food has been withheld from JN. ornata 
the animals develop the characteristics elegans. now, 
food again added these specimens reversal will occur and 
the animals will again appear ornata. This may carried 
indefinitely making alternate sequences the forms long 
food withheld and added the proper time and the proper 
sequences. However, food added, the animals eventually 
become much lighter color than even elegans, becoming 
almost transparent. Then encystment takes place. Thus 
happens that they enter the cysts elegans, ornata has 
not been observed encyst. 

Age the culture aids encystment but not the basic 
cause will seen from the following specific experiment: 

Four cultures were started follows: All the Nassulas being 
taken from the same culture which was sub-culture the 
original pure line. 

Culture No. 1.—Water from culture Nassulas several weeks 
old was filtered and placed watch glass with approximately 
twenty-five ornata. Oscillatoria was present. 

Culture No. spring water, about twenty-five 
ornata and Oscillatoria. 

Culture No. from the same vessel No. about 
twenty-five ornata and abundance Oscillatoria. 

Culture No. 4.—Fresh spring water, about twenty-five 
ornata, and abundance Oscillatoria. 

All the four cultures were kept square watch glasses 
and these placed larger glass dish that the external condi- 
tions were the same. 

The cysts are formed along the sides the vessel the 
detritus the bottom the vessel. They are spheroidal 
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shape, brown and the wall rather thick, presenting scalloped 
appearance. They are great deal smaller than the normal 
animals and newly formed cyst light spot, the nucleus can 
seen. 

Excystment can brought about the addition fresh 
water and After excystment the animal has the 
characteristics elegans until encounters food. few 


hours after feeding again presents the characteristics 
ornata. 
CONJUGATION. 


old cultures low food supply, which because their 
age and food scarcity, encystment might expected, conjuga- 
tion has been encountered. Conjugation has only been observed 
under such conditions and always occurring after the animals 
have undergone the change from ornata elegans. Thus, 
these adverse conditions the culture seem play the greatest 
conjugation. 

The animals approach each other and fuse end end. The 
nuclear stages during conjugation have not yet been worked out, 
but observations living specimens well prepared materials 
show that the nucleus not broken down the process. Calkins 
(26) states that many the protozoa which have been thought 
possess single nucleus, there are reality both micro- and 
macro-nuclei. These two nuclei are closely associated that 
the micro-nucleus not visible until conjugation takes place. 
convinced that this not the case Nassula, for during 
conjugation protozoa where there are both types nuclei, 
the macro-nucleus breaks down and the micro-nucleus takes the 
active part. stated above, there such 
process, the conspicuous nucleus, which according Calkins 
statement would the macro-nucleus, functioning does 
micro-nucleus during conjugation. 

Many thanks are due Dr. Kepner this Laboratory, 
for his valuable suggestions and aid carrying this work, 
and Miss Margaret Haase for the drawing. 


SUMMARY. 


Nassula ornata and Nassula elegans represent not two 
species, but two metabolic stages single species. 
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The well nourished phase, known Nassula ornata, does 
not encyst. Lack food, first, converts Nassula ornata into 
Nassula elegans, and, time, drives the forms Nassula elegans 
into encystment. 


Binary fission occurs more frequently the poorly fed 


forms (Nassula elegans) than the well-nourished forms (Nassula 
ornata). 


There but one nucleus this ciliate, there being 
differentiation the nuclear complex into micro- and macro- 
nuclei. 


Conjugation involving this single nucleus takes place 
stocks that have aged. 
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DESCRIPTION PLATE. 


Right aspect Nassula the intermediate phase, Nassula elegans not 
yet sufficiently nourished assume the larger, spheroidal contour Nassula 
PH, pharynx; NU, nucleus; CV, contractile vacuole. 250. 


PLATE |. 
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THE MORPHOLOGY THE COPULATORY 
TURES SOME CASES 
MORPHISM LEPIDOPTERA. 


KUSNEZOV. 


spite many excellent investigations the gynandro- 
morphism Lepidoptera (Goldschmidt, Cockayne, 
1915, 1916; Meisenheimer, 1921; Morgan and Bridges, 1919; 
Poppelbaum, 1909, 1913; Gerould, 1925) and some ingenious 
speculations about its causes and origin, the perplexing phe- 
nomena intersexuality and gynandromorphism are still far 
from being sufficiently elucidated. One may say that now 
possess many facts, good many hypotheses and visual schemes, 
but few experiments (Kosminsky, 1924) and great lack of. 
physiological interpretation, confined exclusively the theory 
sexual hormones. 

Moreover, the facts, numerous this order insects, are 
described insufficiently and based mostly the superficial in- 
spection the external features, like the structure and pigment- 
ation wings and the structure The sexual organs 
have been examined few cases only. But the question the 
correlation these superficial, secondary sexual characters with 
the primary reproductive system is, course, very great 
interest. 

previous paper this subject have had occasion 
describe full the genital copulatory apparatus seven 
gynandrous individuals rape L., Gonopteryx rhamni L., 
Dendrolimus pini L., timon Hb. and three Porthetria dispar 
L.), halved mosaic, and came the conclusion that 
evident considerable independence, existence and evolution, 
different structures the sexual sphere the Lepidoptera; 
this independence most sharply defined between the gonads 
(primary) and the secondary (tertiary and on) systems; but, 


Kusnezov, J., ‘‘Contributions the Morphology the Genital Apparatus 
Lepidoptera. Some Cases Gynandromorphism,’’ Revue Russe 
XVI., 1916, pp. 
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the other hand, the existence connecting influence between 
the secondary (copulatory) and tertiary (pigmentation, markings, 
etc.) sexual characters also indisputable (cases gynandro- 

The task present contribute further data 
regarding the dependencies and correlations between the copu- 
latory organs and external sexual characters lepidopterous 
gynandromorphs. have had for examination five gynandrous 
specimens, all typically halved, viz., Argynnis paphia L., 
Gonopteryx rhamni L., Bupalus piniarius L., Malacosoma neustria 
L., and argus L., preserved dry and pinned. 

indebted for this interesting material the generosity 
Messrs. Tshernyshev (Kaluga), Iljinskij (Kaluga), 
(St. Petersburg) and Fridolin (St. Petersburg) 
who most kindly put disposal. 

Argynnis paphia typical male the right, 
valesina-female the left. Left labial palpus female shape 
(Legs broken off.) Hairs the thorax and abdomen 
fulvous male the right, and greenish-gray female the 
left side the body. observable differences the 
Captured Kaluga. 

Copulatory Apparatus Nearly perfectly male. 
with their the form two hooked processes, 
well the processus superior and inferior and so-called crista 
obliqua, have nearly the same shape and size the normal 
male (Fig. 1). The differences seen preparations, like the 
incisions and emarginations the and the length the 
processus inferior, the size the penis, are quite unimportant 
and lie within the limits individual variability. The main 
abnormality the copulatory apparatus this specimen 
confined the tegumen, the complex the 9th and 
tergites fused together, and the uncus, the dorsal appendage 
the latter segment. The right side the tegumen (Fig. ég. 
weaker and less developed comparison with that 


Read the December meeting the Russian Entomological Society 1925. 

the description the genital armature use the terminology elaborated 
myself introduction the study Lepidoptera (Kusnezov, J., ‘‘Faune 
Russie. Lépidoptéres. Vol. I., 1915, published the Russian 
Academy Sciences). 
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the normal (Fig. and, particular, its uncus small, 
reduced and deprived the processes which adorn its dorsal 


Fic. Copulatory apparatus the normal male Argynnis paphia L.: teg., 
tegumen; uncus; pr. sup., processus superior valve Petersen (cercina 
Fruhstorfer); pr. inf., processus inferior valve Petersen; h., harpz (clinopus 
ft. penis; cr. obl., crista obliqua 
Petersen; d., valva dextra.—Zeiss, obj. as, oc. 


surface and have the form cock’s comb. Moreover, this 
uncoid situated asymmetrically, being clearly displaced the 
right side. one word, this uncoid appears right half 


-- 


Fic. Copulatory apparatus the gynandrous Argynnis paphia L.: an., 
papilla analis; unc., uncoid; penis; d., valva dextra; s., valva sinistra; h., 
harpe; inf., fultura inferior; sac., saccus; cr. obl., crista obliqua; pr. inf., 
inferior; pr. sup., processus obj. as, oc. 
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only the normal uncus. the left side the tegumen 
elongate hairy prominence situated, which, without hesitation, 
should identified the left papilla analis the female (Fig. 
p.a.). Lastly, the pleural regions the 8th and 9th abdomi- 
nal segments there are some deformities rather exactly repro- 
ducing the pleural portions the female abdominal segments 


Fic. Copulatory apparatus the gynandrous Argynnis paphia L., side 
view: tg. 8th tergite; pl. 79, 7th pleurite the female; oth tergite; tg. 
tergite the male; a., papilla analis; uncoid; s., valva sinistra; 
pl. 7th pleurite and sternite the female fused obj. as, 
oc. 


Thus, this case, the structural and pigmental female charac- 
ters the wings, labial palpi and hair clothing show corre- 
spondence with the copulatory apparatus the same side the 
body. other terms, the tertiary sexual characters (structure 
and pigmentation the wings and palpi) are strongly divided and 
separated the symmetry plane, while the secondary ones 
(copulatory structures) are some extent independent this 
plane. Further, the male genital structures are markedly 
dominant and the female ones repressed. 

Gonopteryx rhamni female the left, male the 
right. (Antenne broken off.) Both labial palpi yellow. 
differences the legs. Captured the region under the Kaluga 
government. 

Copulatory Apparatus (Fig. penis, with its vallum 
(Fig. p.), well the saccus (Fig. sac.) nearly normal. 
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Tegumen and uncus absent, and replaced pair rather 
normal double anales the female. Moreover, the bursa 
copulatrix, with its appendix (Fig. b.) and the lamina 


~ 


Fic. apparatus the gynandrous Gonopteryx rhamni L.: tg. 
and 8., 7th and 8th tergites; anales; and s., valva dextra and 
sinistra; penis; pl. pleurite the segment; b., ostium sin. and., 
sinus androconialis; d., lamina dentata; c., bursa copulatrix; b., 
appendix burse; b., ductus vallum penis.—Zeiss, obj. AA, oc. 


dentata d.), are well developed and provided with ductus 
burse which opens the ostium burse lying normally, 
between the 7th and 8th sternites, but immediately the left 
the invagination the saccus. Below this latter androconial 
pouch (Fig. sin. and.) situated, representing miniature the 
much larger structure this kind the normal female. 

Thus, this case find the structure the copulatory 
apparatus correspondence with the disposition the wing 
pigments. The latter, male and female, are strongly divided and 
separated the plane bilateral symmetry, while the copu- 
latory appendages are divided rather frontal plane, the fe- 
male lying above, and male penis, saccus and valve below 
it. But the same time the internal reproductive organs, the 
bursa copulatrix the female with its appendages and, probably, 
the ductus ejaculatorius the male exist side side, with their 
openings normal position. 
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Malacosoma neustria female the left, male 
the right. Antenne: right male, left female. Specimen 
captured the region under the Kaluga government. 

pr pl. 8 
‘ leg. 


Fic. Copulatory apparatus the gynandrous Malacosoma neustria L., 
lateral view: and 8., 7th and 8th tergites; penis; pr. pl. 8., processus 
the 8th pleurite; tegumen; unc., uncus; pr. sac., processus 
sacci; st. 7th sternite the female (probably); sac., saccus.—Zeiss, obj. AA, 
oc. 


Copulatory Apparatus (Figs. and 6).—Almost normal male, 
except the hind margin the 7th abdominal sternite which bears 
slightly stronger indentations than those the normal male. 
The female structures absent. 


Fic. Copulatory apparatus the gynandrous Malacosoma neustria 
ventral view; abbreviations the same Fig. 5.—Zeiss, obj. AA, oc. 


Thus, this case, the pigmental and structural sexual differ- 
entiations the wings and structural sexual features the 
strongly divided the plane bilateral symmetry, 
not correspond with the differentiation the genital armature. 
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Bupalus piniarius left fore wing ill-developed, 
curled; left hind wing not developed and rudimentary; the 


Fic. Copulatory apparatus the gynandrous Bupalus piniarius L., right 
side view: coecum penis; apophyses posteriores; and s., right and 
left valvoids; a., apophyses anteriores; sac.?, saccus (probably); ductus 
tergite; pn., penis.—Zeiss, obj. AA, oc. 


right side the fore and hind wings normally developed. Color 
all wings pale yellowish, more feminine than that the yellowish 
forms males; but, far appearances go, wings both sides 


Fic. Copulatory apparatus the gynandrous Bupalus piniarius L., left side 
view: and s., right and left valvoids; penis; penis; 
apophyses posteriores; tegumen; a., papille anales; ssph., subscaphium; 
b., ostium b., ductus burse; c., bursa copulatrix; a., apophyses 
anteriores.—Zeiss, obj. AA, oc. 
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are uniform color and markings. left bipectinated, 
male; right filiform, female. Bred specimen, emerged St. 
Petersburg January 27, 

Copulatory Apparatus (Figs. and 8).—8th and 9th segments 
female, with nearly normal apophyses anteriores and posteriores 
symmetrical. Ostium quite normal, strongly chitinized. 
Bursa copulatrix normal, but lamella antevaginalis absent, the 
the other hand, there penis, with its coecum (Fig. 
rather well developed and lying inside the body cavity, but 
capable being protruded through very narrow orifice the 
diaphragm. Uncus absent. Rudiments tegumen the form 
more strongly chitinized left portion the 9th tergite (Fig. 
tgm.). well-developed left portion the subscaphium 
(Fig. ssph.) lying below the left papilla analis. the valve, 
they are both present, but deformed, lying within the body cavity 
and protruding only partially outside (Figs. and 
Lastly, oviform structure lying freely the body cavity the 
external surface the right valvoid (Fig. sac.?) may 
regarded rudiment the saccus. 


Fic. Copulatory apparatus the normal female argus L.: tg. 
and 8th and oth tergites; apophyses posteriores; anales; 
b., ostium b., ductus pr. b., processus ductus burse; a., 


lamella antevaginalis; st. 7., 7th sternite; a., apophyses anteriores.—Zeiss, obj. 
AA, oc. 
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Thus, this case almost all male and female genital structures, 
except the male uncus, coexist, though the male ones are 
they are disposed, with the exception the rudimentary sub- 
scaphium, both sides the plane bilateral symmetry. 
This case similar that the the respect that 
here also the paired female and the paired male are 
divided from one another the frontal plane. 

argus Wings: male the left and 
female the right. Antenne uniform. Both fore legs with 
female tarsus. 

Copulatory apparatus (Fig. 10) predominantly female. Tergite 
and sternite the 8th segment nearly normal except for the 
distal angles the tergite being obtusely shortened. tergite 


Fic. 10. Copulatory apparatus the gynandrous Lycena argus L.: v., 


processus valve the normal male; other abbreviations Fig. 9.—Zeiss, 
obj. AA, oc. 


split its dorsal surface. Apophyses anteriores and posteriores, 
well anales, normal. tube (Fig. 
bearing its tip the ostium developed, but about 
three times stouter than normal. pair antevaginales 
little wider and shorter than normal ones. Ostium 
present, its ductus indistinct. Bursa copulatrix bag-like, long, 
plicated, nearly normal. deformed, strongly chitinized, plate 
lying the body cavity between the 8th and tergites may 
considered male valvoid, because its distal extremity 


Species with claws the fore 
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bears process having three teeth quite similar those 


tips the normal valva (Fig. 10, pr. v.). Under this valvoid 
there are some minute sclerites disseminated over the inter- 
segmental membrane the tube the ductus burse. From 
their consistence and structure they also may considered 
crushed rudiments the male valva. 

Thus, this case observe predominance female charac- 
ters the form both fore tarsi and almost all parts the 
copulatory apparatus which are but slightly deformed. Male 
features, represented only rudiments are nevertheless 
situated the same side the plane bilateral symmetry the 
male wings. 

all described gynandrous individuals, however similar their 
external appearance which that common halved gynandro- 
morphs, quite different interrelations the degree development 
and disposition between the secondary and tertiary! sexual 
structures are observed. present observations, well 
previous (1916), mentioned above, permit me, think, draw 
the following conclusions. 

The division the tertiary sexual structures into two halves 
the plane bilateral symmetry may associated: 


(1) With division the paired copulatory structures this 
plane into two pretty normal halves, the unpaired organs, 
like penis, bursa and their ostia being developed nearly 
normally; the case Pieris 

(2) With more less complete unisexuality the genital 
structures: male, cases Malacosoma neustria 
(complete unisexuality) and Dendrolimus pini L., 
female, argus L.; 

(3) With intermediate position, where the structures one 
sex are intermingled with those the opposite sex both 
sides the body; these are the cases timon 
Hbn., Bupalus L., rhamni L., one sex 
being rather more strongly developed than the other; 

(4) With division the paired copulatory organs respect toa 
frontal plane the body, with the presence the unpaired 


Under the term secondary sexual structures meant the copulatory organs 
genitalia, under that tertiary the locomotor apparatus, pigments, sense organs and 
their accessories. 
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ones rather normal state; these are the cases 
Bupalus piniarius and Gonopteryx rhamni 


case purely crossed gynandromorph, i.e., having the 
tertiary characters given sex situated precisely the 
sexually opposite side the body, has been, far know, yet 
observed. 

doubtful whether attempts elucidate these various 
combinations referring their connection with the geometrical 
planes the organism will have any success. The plane 
bilateral symmetry, true each other plane the body, 
means real physiological factor; and physiology has 
nothing with these abstract morphological concepts. Very 
possibly, general, architectonic rules are followed the 
developing organism. That why the chimera hypotheses fail 
also totally their attempts explain the confusion observed 
the distribution the secondary genital rudiments certain 
gynandromorphs. Far more probable the explanation(Morgan 
1922) these irregularities simple anatomical shifting the 
diversely determined body cells during the embryonic develop- 
ment. the hypothesis the precocious development 
one sex tissue comparison with the other, growing across the 
plane bilateral symmetry and encroaching upon another half 
differently determined (Gerould, 1925; partly Goldschmidt). 
The cellular and blastomeric hypotheses (Boveri, 1888, 1902, 
1915; Lang, 1912; Cockayne, 1915) fail also explain the 
multitude facts when the body planes are nearly never main- 
tained but are different ways transgressed. Lastly, 
rather discordant fact for the hypothesis polyspermy (Morgan, 
1905, 1909) that only quite insignificant number cases the 
plurality the same organ have ever been The 
generally accepted hormonal theory the chemical stimulation 
also meets great difficulties the explanation asymmetrical, 
halved, gynandromorphism connected with the body planes. 

opinion that the phenomena the spacial 
distribution sexually determined parts the body should 
interpreted cases organic regulation (in the sense Driesch) 

Those described Goldschmidt (1921) need further examination. ‘‘super- 


right valva described Gerould (1925), more than possibly, will prove 
but deformed portion the right valva. 
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which the conditions are altered the gynandrous 
embryo the interruption the normal chemical stimulation 
somatic cells which have already obtained their sexual determi- 
nation. 

custom unite all sexual structures, other than gonads, 
under general term structures and subordinate 
them the hormones the gonads. But (1) for insects this 
subordination yet proved (Oudemans, 1898; Meisen- 
heimer, 1909; Kellogg, 1904; Kopet, and (2) 
evident that the somatic sexual structures are classed among 
several rather independent groups, each group being influenced 
its own regulating factor, or, perhaps, possessing its own 
determination (Abderhalden, 1911). The idea 
determination preexisting all somatic cells grows more and 
more acceptable. 

But, the other hand, the division the reproductive system 
into primary, secondary organs, and on, can admitted only 
theoretically. Physiologically speaking this system unity. 
Perhaps, should not speak, therefore, dependencies one 
group upon another, but only the degrees observed the 
display the whole system its parts collectively individually. 
And, may be, the sexual chemical factors, though different 
their manifestations, are reality the same, differing only 
quantitatively. 


MUSEUM THE 
ACADEMY SCIENCES, 
May 18, 1926. 
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NOTE THE OCCURRENCE AND HABITS 
LUMINOUS SQUID (ABRALIA VERANYI) 
MADEIRA. 


STILLMAN BERRY, 


REDLANDS, CALIFORNIA. 


Originally made known very incomplete fashion (vide 
Riippell, 1844) from individuals taken the neighborhood 
Messina, our knowledge this extremely interesting species 
squid based the information gleaned from the very limited 
number specimens which have now and then fallen into the 
hands students the group, principally systematists, since that 
time. These specimens have been entirely Mediterranean 
origin, the majority them, like the type, from Messina, but 
few from Nice, Toulon, and on. Until quite lately has 
happened that almost every captured specimen has found its way 
into the collections one another the German museums. 
has therefore somewhat curiously come about that whereas 
neither Gray three quarters century ago, nor Tryon, nor even 
Hoyle seem have had any actual material the species 
work upon, Pfeffer’s recourse the Hamburg and other German 
collections, especially that Leipzig, yielded him less than 
fifteen specimens (Pfeffer, 136). More recently some 
further specimens, likewise taken Messina, have been the 
subject short but beautiful memoir Dr. Silvia Mortara 
the histology the photophores. Practically the whole 
our real knowledge regarding Abralia veranyi, from whatever 
aspect, found this paper, and the monograph 
Pfeffer, although there some information had from 
older paper Steenstrup and another Joubin (’95), 
where the luminous organs some specimens from Nice which 
are probably referable this species are described under the 
name Owent. 

interest remember that the seven described species 
Abralia, veranyi present understood the only 
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occidental one. One species comes from the Red Sea. The 
remainder are all Indo-Pacific, two them being Hawaiian. 
From the waters the western hemisphere, even what would 
seem entirely appropriate latitudes, the genus yet 
Thus from the entire Atlantic beyond the gates the Mediter- 
ranean member the genus has been reported hitherto. 

Furthermore regard the behavior the animal life 
concerning even much its appearance the time capture 
have been able discover published information nearly 
exhaustive search has been possible me. What know 
think know the natural history this interesting animal 
almost entirely inferential presumptive. 

view the situation outlined therefore matter 
small satisfaction able report not alone considerable 
and important extension the known geographic range this 
genus and species, but record few observations made the 
captors the specimens, which throw certain light the 
habits the animal, are welcome contribution after the nearly 
blank record the past eighty years, and are themselves withal 
full lively interest. For this acknowledgment due the 
gentlemen indicated, well others later mentioned 
the course this paper. 

When Professor Cockerell the University Colo- 
rado returned the United States from his Madeiran trip 1921, 
brought with him various specimens invertebrates, among 
them means the least the treasures, three small squids. 
These generously turned over me, with the word that they 
were given him Senhor Noronha Funchal. The 
bottle containing them bore the following label Sr. Noronha’s 
hand: “Luminous. Caught during the night near the shore 
rocks. Funchal. The three specimens proved 
include beautifully preserved male and two females the 
rare Mediterranean enoploteuthid referred our preface, 
Abralia veranyi. Through the kindness Dr. Silvia Mortara 
have also been the fortunate recipient one her precious 
Messina specimens, captured November, 1921. direct 
comparison the Funchal form with authentic Mediterranean 
material has therefore been made possible. 
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The principal references covering this species the literature 
are given below. Those who desire more complete synonymy 
are referred Pfeffer, 


Abralia veranyi (Riippell, 1844). 
(Dates more important references italicized.) 


Verany Riippell.—Giorn. Gab. Messina, 26, 

Veranyi Vérany.—Céph. médit., 83, pl. 
30, 

1879. Enoploteuthis Tryon.—Man. Conch. (1), 
173, pl. 76, 318-319 (after Vérany). 

1880. Abralia and Steenstrup.—Overs. 
Vid. Selsk. 1880, 92, 110 [22, pl. 2-6. 

1886. Abralia veranyi Challenger Exp., 38, 217 
(merely catalogued). 

220 6-11 (photogenic organs). 

1899. Abralia Veranyi and Enoploteuthis Verany 
(after Riippell). 

1900. Abralia armata (pars) cegops. Ceph., 
167. 

1900. Asteroteuthis veranyi Bemerk., 289. 

785, 794, pl. 16. 

1912. Abralia Veranyi 785, 794. 

1922. Abralia Mortara.—R. Com. Talass. Ital., Mem. 
95, I-20, text 1-2, pl. (photogenic organs). 


careful comparison the Madeiran specimens with that 
from Messina and with the lengthy account given Pfeffer has 
brought light points difference thought any 
respect essential from the taxonomic standpoint. will seen 
from the appended table measurements, the dimensions the 
Madeiran examples are rule well excess those the 
individual from Messina, but this very decidedly more true 
the two females than the single male and may possibly prove 
be, part least, secondary attribute sex. The wider, 
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more flaring mantle possessed all three Madeiran examples 
doubtless but incident the mechanics their preservation. 
The same doubtless true the apparent great number 
chromatophores resulting the consequent darker color these 
specimens. The greater conspicuousness the chromatophores 
seems carry concomitant accentuation the photophores 
that first sight they appear much more numerous than the 
Messina specimen. The attempt count the photophores 
corresponding areas, however, has not led proof any actual 
critical difference their number. 

The male indeed does show few slight differences the 
structure its beautifully preserved hectocotylus, especially 
the fact that the tip the modified arm produced and 
attenuated beyond the curious fleshy folds which are feature 
the distal part this arm the present species, and regarding 
the exact function which are still quite the dark except 
that there seems good reason believe that they may serve 
some fashion other the manipulation and fixation the 
spermatophores. 

This male and one the females show but three hooks each 
tentacle club. The other female has three hooks and possible 
remnant more minute proximal one the left club, while the 
right club bears four hooks agreement with both clubs the 
Messina specimen. These seem but normal variations. have 
noticed record any specimens with clubs bearing less than 
two nor more than four hooks. 

certain degree sexual dimorphism is, already noted, 
indicated the present specimens, but not conspicuous, 
being chiefly manifested the somewhat smaller body and fins 
the male. The differences noted appear both absolute and 
relative. The fins are almost equally wide proportion 
mantle length both males and females, but the former they 
are relatively somewhat shorter, giving index about 
against the females. The arms the male the other 
hand are somewhat longer relation the body than those 
the female. 

was discovered Steenstrup 110), the spermato- 
phores become attached rosette-like cluster the inner 
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surface the mantle the female, this being the median line 
just back the nuchal cartilage. These clusters are very 
conspicuous both the females before me, but there present 
each them addition the principal rosette, much 
smaller cluster spermatophores remains the same 
adhering the visceral mass its mesial junction with the 
collar, position not quite opposite that occupied the main 
rosette, but more anterior. Possibly therefore this smaller 
cluster regarded fragment the larger one, adhering 
here accidentally the time the emplacement the latter. 
both these specimens the ovaries are swollen and packed 
with developing ova. Just how soon the ova would ready for 
extrusion present problematic. 


TABLE MEASUREMENTS. 


Tip body base dorsal 


Length head (nuchal cartilage base dorsal arms). 


Length hectocotylized part left ventral arm (taken 


The male shows large spermatophore bundle process 
extrusion from sac and may added that the same 
observation true the male from Messina. 
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Upon writing Senhor Noronha and Senhor 
d’Abreu Nunes, whom, believe, belongs the credit for the 
actual capture the specimens, these gentlemen courteously 
responded with notes great intrinsic interest that seems 
desirable means somewhat free translation publish 
them full, the more especially direct observations the 
luminosity cephalopods life under natural conditions are still 
exceeding rarity. 

The following excerpt free translation from letter from 
Sr. Noronha under date November 13, 1921. 


“In reading notes, find that the cephalopod was 
captured friend, great fish enthusiast, toward midnight 
the June, 1917, the surface the sea and the 
artificial harbor Pontinha, the west Funchal. 


marks shot where 
4 
° 


Sketch map the Bay Funchal. The point capture the 
specimens Abralia veranyi mentioned the text marked a+. 


was there the quay myself that selfsame evening, and 
was very happily able record that the animal was luminous, 
the light being very vivid and lovely ultramarine blue. 
One saw lights (‘foyers’), disposed arc around the eye 
and the lower region this organ, these photophores 
being larger and smaller. the body, the head, and the 
arms there were many similar lights, which were more numerous 
the ventral side. also noticed that out the water the 
animal was still very lively and tried bite its anger. 

“From the jetty was perceived from time time indi- 
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vidual which swam rapidly near the surface, giving out its 
phosphorescence, and then friend from the top the wall 
dexterously manipulated his long-handled ‘peneiro’ (dip-net). 
obtained this manner dozen examples, and could have 
had many more had had need them. was evening 
warm and calm, and seems that for this fine 
weather that the Abralia shows preference. least 
summer and autumn that the charming cephalopod arrives near 
the walls the harbor Pontinha. This locality very 
sheltered, almost closed currents and winds, and 
perhaps this circumstance which draws this nook the 
shore, attracted furthermore the lamp which illumines 
the quay. Indeed, believe, this cephalopod has never 
been seen the five less protected places the south coast 
Madeira, where, during the night, they drag the fish seines, and 
where would easy capture them they were there. 
myself have investigated these places, but have seen taken 
the nets only the common cephalopods Madeira: 
Loligo, Sepia, and Polypus. 

would also broach the opinion that the Abralia veranyi 
abyssal species which night summer migrates vertically 
and horizontally attain the shore line, and day betakes 
itself anew the depths the ocean.” 

Under date February 1922, Sr. Nunes wrote further: 

cephalopod question has been captured myself 
the sheltered quay this city Funchal, called the Quay 
Pontinha, during the months July, August, and September.— 
Almost every year one may capture them this harbor during 
the night where they approach the steps debarcation, 
following the lighting the electric lamps the above- 
mentioned steps. With alacrity one may catch them 
with the aid little wire basket, because these animals come 
almost the surface the water, being distinguishable the 
brilliancy (‘éclat’) bluish phosphorescence which they 
cause gleam from their 

From these notes would appear that the phenomena described 
are distinctly seasonal character. This fact, the exceeding 
vigor and activity evinced the animals when captured, and 
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finally own observations the physiological condition both 
males and females, affords convincing evidence that the inshore 
nocturnal migration the Madeiran Abralia essentially 
reproductive significance and has with either the mating 
the spawning, very possibly indeed with both. Such con- 
clusion finds the strongest possible confirmation the detailed 
observations Ishikawa and Sasaki somewhat 
nearly allied species squid, scintillans, the famous 
Firefly Squid Japan. The parallel extends 
still further particulars, but little information consequence 
concerning the habits and life histories the smaller squids has 
accumulated that the Japanese observations are almost the only 
ones any relevance found the literature. Like the 
Abralia, Watasenia ‘‘is deep-sea animal, living during the day 
depth 100 more fathoms, and when the night hand, 
they approach the coast, and after sunset they lay the eggs, 
and soon they finish their spawning, back the deep 
(Sasaki, 95). After the fixation the spermatophores 
the nape the female (in quite different position, would 
appear, from what observed the male 
Watasenia thought perish. The season this extraordinary 
migration varies somewhat different parts the Japanese 
Empire, but Toyama Bay the west coast late April and 
May. Here the firefly squid comes inshore such enormous num- 
bers that their fishery considerable industry, the total catch be- 
ing given Sasaki 1,000 tons. Due the disappearance 
mated males, nearly the entire catch seems comprised fe- 
with them, and only small per cent. those taken were found 
have food the stomach. net drawn P.M. said 
stance which Sasaki suggests may largely due the fact that 
the schools swim from the deep when sunset approaches, lay 
their eggs towards evening, and become entrapped the nets 
their way back. The fact that the Abralia seen soon 
after the lights the quay are illuminated may indicate that 
something nearly similar nature goes here. 

Sr. Noronha’s allusion the enraged state the animal 
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when captured curiously accord with the behaviour 
Watasenia the height its own (spring) migration, which 
time Sasaki states that attacked violently, biting our 
hands with their Such the Japanese catch late 
summer autumn, the other hand, are quiet and show little 
vitality. 

From the relative emphasis laid upon the sources the 
illumination both Madeiran observers, but especially 
Nunes, would seem that the ocular photophores this Abralia 
irradiate conspicuously brighter light than the more abundant 
organs the body surface. This very much what one would 
superficially expect from the general appearance these organs 
the dead animal. Turning again the Japanese species 
find that Ishikawa 168) likewise states that the three 
types photophores found scintillans, least two 
which are entirely homologous with those Abralia veranyi, 
the organs the outer integument come last the intensity 
their light. Yet must remembered further that Sasaki, 
working more extendedly the same species, was unable 
make out any difference between the light the ocular and that 
the integumentary photophores. However this may be, the 
function light production both species would seem 
essentially the same. The brilliance the display stressed 
both Madeiran and Japanese observers, coinciding does 
each case with the schooling habit, the nocturnal migration, and 
the period sexual activity, most readily interpreted 
mating phenomenon, least very large part. not mean 
this that the sexes actually recognize one another’s different 
nature means corresponding differences the luminosity 
male and female, although the same time the possibility 
such recognition should not too quickly excluded from con- 
sideration merely because Sasaki, who inquired into this aspect 
the question quite particularly, found himself entirely unable 
distinguish the sexes merely the light the animals night. 
For there another important way which the photogenic 
function could serve animal behaving veranyi does 
during the reproductive season, and that simply furnishing 
visual method which the schools can assemble keep together 
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during the vicissitudes migration. this supplemented 
either slight visible sex differences, some chemical 
other means inter-attraction, such arrangement might 
sufficiently adequate insure the maintenance the species. 
Further field observations with this point mind would doubtless 
yield some valuable and entertaining information. 

first thought seems passing strange that conspicuous 
phenomenon has not been observed more commonly. However, 
for the occurrence species possessing such habits stations 
convenient for observation near the shore there would seem 
required not alone shelter from heavy waves but abrupt slope 
from the shore-line the 100-fathom mark that the contingent 
requirement for lateral migration not too great, similarly 
near approach the part the deeper regions the sea either 
the agency submerged valley some other consider- 
able depression. Such conditions are perhaps not always found 
appropriate combination the regions inhabited these 
species. Whatever the said conditions may be, Funchal evidently 
satisfies them, and affords nearly ideal opportunity for the 
study Abralia veranyi. hoped that possibly this will prove 
means the only enoploteuthid squid found there. 

Whether the animal occurs the near neighborhood 
Madeira all seasons the year, whether its nightly ap- 
pearance summer but the visible culmination more 
extended series migrations from much farther afield, final 
interesting problem which must left for some future deep- 
sea expedition solve. 

Madeira for the use the accompanying photograph, and Sr. 
Noronha for the original the small sketch map appended. 
grant from the Rumford Committee has also been con- 
tributing factor the preparation this report. 


SUMMARY. 


Abralia veranyi (Riippell) somewhat rarely captured 
Mediterranean cephalopod, possessing interesting luminous 
qualities due the presence numerous and exceedingly 
complicated photogenic organs. 
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here reported from the Bay Funchal, Madeira, this 
constituting, believed, the first record the species from the 
open Atlantic. 

The specimens appear differ only very minor respects 
all from those Mediterranean origin. 

The species comes into the shallow water the harbor 
night during the summer months, supposedly for the purpose 
mating, spawning, both. 

Owing their comparative abundance this time year 
and the ease with which they may observed and captured, 
Funchal evidently unusually favorable locality for the study 
the light production general bionomics this interesting 
little squid. 
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CONVERGENCE COLORATION BETWEEN 
AMERICAN PILOSE FLIES AND 
BUMBLEBEES (BOMBUS). 


GABRITSCHEVSKY, 


RESEARCH FELLOW THE INTERNATIONAL EDUCATION BOARD, 
COLUMBIA UNIVERSITY, NEw 


AND Group Volucella Bombylans. 


previous paper, which the heredity color variations 
the European fly Volucella Bombylans has been described, 
attempt has been made show the striking resemblance 
coloration between various flies the families Syrphidz, Asilidz, 
and with various bumblebee 
species which inhabit the same geographical regions. 

The study those analogous color patterns which appear both 


amongst flies and bumblebees interesting from genetic point 
view and bears the problem mimicry animals. 

with its fulvous bands the last abdominal segments has exactly 
the same coloration the common European Bombus lapidarius, 
confusus, rajellus, mastrucatus, etc. The other variety, 
hemoroidalis I., Figs. 5), almost indistinguishable 
from many other Bombus species, for example agrorum, 
vorticosus. The third variety the Bombylans, the var. 
plumata Figs.6, with its characteristic white 
hairs the last abdominal rings, extremely like hortorum, 
B.lucorum. Volucella bombylans (and its varieties), really pro- 
tected her mimetic coloration, may supposed creep 
unobserved into Bombus nest lay her eggs there the wax- 
combs. More often however the fly puts her eggs the grass 
and moss, which covers the Bombus nest. This course can 
only performed with Bombus species which builds its nest 
the ground, not under the ground. localities where many 
Bombus colonies this kind are present the Volucella flies are also 
found large quantities. The Volucella feed wax, 
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pollen and decayed injured Bombus larve (fresh larve are 
never attacked). 

The Volucella offers fascinating field for 
research and one the steps which must taken the pre- 
liminary study this case find out how close resemblance 
there between variety Volucella and the various species 
Bombus the same geographical area. Such resemblance has 
been described previous paper for the European group 
Volucella. interested therefore see this was true for the 
American varieties Volucella. 

Before dealing with this question wish refer some new 
details the coloration the European Volucella Bombylans 
which must also taken into consideration the study the 
North American group. Many flies these species have been 
collected recently the central parts Russia, see there are 
any other variations than those which have been generally 
described. Specimens Bombylans have been found with 
entirely rufous abdomen which corresponds exactly 
the color the abdomen the northern and other 
allied species. This variety has been collected Russia only 
twice region where the does not occur. Another 
variety Bombylans, which may named Bombylans var. 
uncommon. This fly spot yellow hairs the 
thorax Fig. but the rest the fly typical Bomby- 
lans. (Only females this type have been collected.) The 
yellow spot hairs this black variety located the same 
place the black spot yellow varieties male hemoroidalis 
and male plumata. significant from genetic point 
view that the European Volucella group flies only this little 
area thoracic hairs limited one sex, whereas the entire body 
coloration otherwise alike both sexes. Thus the yellow spot 
the black variety seems appear only the females, the black 
spot the yellow varieties the contrary limited the males 
(V. plumata and is, however, possible 
find some localities also females plumata and hemo- 
roidalis which have very reduced black thoracic spot hairs. 
The black spot itself has often brown color the females, but 
never the males. The aliaica from Asia extremely 
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dimorphic regard this black spot. The male I., Fig. 
has perfectly black thorax, the female has the usual black spot 
relation its size and coloration like the males 
roidalis I., Fig. and I., Figs. The 
yellow spot Bombylans var. flava inherited. had one 
culture (unpublished data) females Bombylans var. 
flava from female Bombylans var. flava I., Fig. 8). 

The Bombylans var. caucasica, which lives bumblebee 
nests the Caucasian mountains, has white thorax (the black 
spot present the males), and the upper part the abdomen 
also white, but the third sixth abdominal rings are exactly the 
same the European Bombylans and 

looking this fly one gets the impression that only the 
yellow hairs the European variety plumata and hemo- 
roidalis have changed into white, but that the black and fulvous 
hair covering the end the abdomen remained unaffected. 
parallel color change occurs almost all black bumblebee species 
which inhabit the Caucasus. The Volucella Caucasica thus 
similar the Caucasian eriophorus, niveatus and other 
species this region, which have white patches hair the 
thorax. The black and rufous parts the bumblebees’ abdominal 
rings, which correspond the black and rufous bands the 
endemic Volucella flies remained also unaffected and similar 
coloration those the European Bombus lapidarius, 
confusus and Volucella Bombylans (type). Many other Caucasian 
flies (Cheilosia Tabanus gudaurensis, tricolor, etc.) 
have similar color changes parallel those described above. The 
appearance white spots bands characteristic for both 
bumblebees and flies this mountain region. 

Summarizing these data can say that there striking 
phenomenon color convergence between European 
(especially Volucella, and its varieties), and 
and bumblebees, which are distributed the same 
geographical area. similar parallelism coloration can also 
noticed for the Caucasian region. must also pointed out 
that there predominance certain color patterns for the 
European group bumblebee-like flies and bumblebees. The 
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combination black and rufous, white and yellow, and black and 
white stripes more often found than black and yellow. This 
characteristic feature both insect genera the European part 
the old world. 

entirely different situation found the United States 
America. Even superficial survey the collections 
American and Asilidz) flies and bumblebees shows 
distinctly, that both insect genera have, strictly speaking, only 
one pattern, namely, black and yellow striped individuals. 
(Only two species, occidentalis and borealis, have parts 
their body covered with white hairs.) The combination black 
and rufous, yellow and white, black and white, absolutely 
absent very rare this continent. The overwhelming 
numbers black and yellow striped specimens among these flies 
and bumblebees peculiar feature throughout the United 
States. The phenomenon color convergence has reached its 
climax North America. 


THE AMERICAN Group Volucella Bombylans. 

The systematic relationship the American varieties 
Bombylans has been recently studied Johnson who 
divides these flies into two large groups. the first (the black- 
faced group) belongs the eastern var. evecta americana 
var. evecta sanguinea, and the boreal evecta arctica. the 
second (the yellow-faced group) belongs the western facialis, 
the Canadian facialis lateralis and the Vol. facialis var. 
rufomaculata, which found Colorado and along the Rocky 
Mountains. Excepting the coloration the pleura, which may 
yellow black both groups, and excepting differences the 
color patterns the thorax and abdomen, other distinguishing 
characters have been detected. very probable that all 
European and American varieties might interbreed. 


CONVERGENCE COLORATION BETWEEN FLIES THE EASTERN 
STATES AND BUMBLEBEES THE SAME REGION. 


Volucella bombylans var. evecta-americana 
Volucella bombylans var. evecta 15) americana 
entirely pale yellow except the last two four posterior abdom- 
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inal segments, which are covered with black hairs. The same 
distribution yellow and black hairs the thorax and abdomen 
characteristic for all the eastern species pilose flies. Mallota 
posticata I., 18, 19), Mallota cimbiciformis I., 20-22), 
Eristalis flavipes 1., 23-24), Eristalis 26-27), 
Dasyllis lata 9), Dasyllis marquarti 9), Das. 
sacraton (Pl. 9), Das. champlaini 8). All these 
and Asilidz are very common the eastern states and 
can found the same flowers with Bombus. 

Six bumblebee species the eastern states, namely Bombus 
(Pl. IV., have coloration exactly corresponding Volucella 
evecta americana I., 15) and the other and 
Asilidz which are mentioned above. (Compare I., 15, with 
and then II., 10, 11, with Pl. III., 13, 14, 15.) 

Four other eastern bumblebee species, namely B.pennsylvanicus 
14) have slightly different distribution black and yellow hairs 
the thorax and abdomen. This group bees has its corre- 
sponding group flies. hardly possible detect any 
difference between the eastern Eristalis flavipes 24) var. 
b., Dasyllis dithoracica 10, 11), Das. grossa 11) 
and the bumblebees enumerated above. The flies are generally 
like the females, workers and males the corresponding bumble- 
bee species, but this only true when the Hymenoptera has 
this first eastern group, which like evecta americana, has 
male variety colored like Eristalis flavipes var. I., 24), 
Eristalis flavipes, the other hand, has just been compared 
with the bumblebees the second eastern group. (The groups 
are divided here only relation their color patterns.) find 
the same phenomenon 7), and pennsyl- 
vanicus, both which have three types males; IV., 11. 
15-18) one these like the female, but the two others are 
entirely different. The latter two are extremely like Criorhina 
verbosa II., 14) and Criorhina Kinkaidi var. II., 16). 
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males are like the Criorhina flies. This due the fact that the 
males, like these flies, have reduced black bands which make 
them almost indistinguishable. 

From the above might infer that there very close 
resemblance between bumblebees and flies the eastern parts 
the United States. Yet would mistake conclude from 
this that there mimicry between both genera; must not 
forgotten that there also the same convergence coloration, 
even regards details, within the group bumblebees and also 
within the group flies or, more exactly, there not only 
correspondence between the flies and bumblebees given 
district, but the several species Hymenoptera found living 
region resemble one another closely, and species flies are also 
much alike among themselves. For example, when the bumble- 
bees are compared with one another, see that the coloration 
the variety auricomus III., 13, 14), with the yellow 
scutellum, reappears the same pattern pennsylvanicus 
(Pl. 13, 14). One the males bimaculatus 
III., Many other coincidences are also evident and not 
uncommon these groups. (Compare figures.) The coloration 
the European lapidarius reappears confusus, many 
other species and Volucella Bombylans (type) I., 1). 

The distribution evecta americana probably far 
more restricted than that the above mentioned bumblebees, 
which may found further the south. This can explained 
through the fact that all large Volucella are circumboreal species 
and never appear farther the south than the 42d parallel, unless 
there are mountains which extend the south. Favorable 
conditions are thus produced and the bumblebee nests may 
found again infested with Volucella larve more elevated zones. 
Volucella evecta americana not found much farther the 
north. According Johnson this variety can collected along 
the Atlantic coast far north Mount Desert, but there this 
fly already replaced Volucella bombylans facialis lateralis 
(Pl. I., 11), which belongs the Canadian zone. 


AMERICAN PILOSE FLIES AND BUMBLEBEES. 


Volucella bombylans evecta (Walker) I., 14). 


The thorax, scutellum and the three first abdominal rings 
this fly correspond evecta americana, 15), but the 
posterior segments may either yellow reddish. 
the upper austral form, extending through the transition zone. 
This fly resembles closely the males the eastern bumblebees. 
Its coloration has altogether the aspect these Hymenoptera, 
but strict parallelism color patterns with any the eastern 
bumblebees not traceable. Volucella evecia rare form when 
compared with evecta americana. possible that detailed 
study its distribution the east might explain its color 
patterns. 


Volucella bombylans evecta sanguinea I., 16). 


This variety extremely rare variation evecta 
americana. been recorded the eastern states. This fly 
has yellow hairs thorax, scutellum and abdomen, except the 
third abdominal ring, which covered with fulvous pile. The 


sides this segment have some black hairs. This Volucella 
represents, way, parallel variation that rufomaculata 
the subspecies facialis, which distributed along the more 
elevated portions the Rocky Mountains. sanguinea not 
comparable any bumblebee species the eastern United 
States. third and analogous parallel variation found 
Eristalis flavipes var. melanostoma 25) the east, and 
fourth Dasyllis 18) Asilid fly the Rocky 
Mountains. 

The sporadic reappearance parallel variations sanguinea 
and Eristalis flavipes, which are analogous the variety 
rufomaculata and Dasyllis fernaldi 18) the west, 
suggests that the genic mutations producing these color changes 
some individuals are probably related chemical structure, 
the sense their end effect. also interesting that they 
affect the same parts the insect’s body. The same argument 
can applied the bumblebees. would more difficult 
explain, however, the way which new mutation could replace 
the more abundant form for given geographical zone. 
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CONVERGENCE COLORATION BETWEEN FLIES 
THE ARCTIC ZONE. 


Volucella bombylans arctica I., syrphid the 
evecta group entirely dark yellow, with short and unfinished 
black band the thorax. This Volucella extremely like 
coloration the arctic bumblebee—Bombus gelidus IV., 1), 
and borealis (not figured). 


CONVERGENCE COLORATION BETWEEN FLIES THE ROCKY 
AND BUMBLEBEES THIS REGION. 


The Volucella facialis Group, Volucella Bombylans facialis var. 

Volucella rufomaculata, which parallel variation the 
evecta sanguinea the evecta group limited the mountain 
region Colorado, Utah and New Mexico. The dorsum the 
thorax black pilose-like all varieties the facialis group. 
This characteristic which entirely absent the evecta group 
(compare II., 14-17). this respect the male and female 
flies the group are like the females the European 
varieties Volucella Bombylans, and the male and female flies 
the facialis group can compared the males the European 
varieties Volucella plumata and hemoroidalis. The pleura 
the facialis flies are black the European varieties. not 
improbable that the western American Volucella group more 
closely related the European group. 

again striking that rufomaculata has coloration 
resembling that most the bumblebees this mountain 
region. exact coincidence color patterns can observed 
Bombus sylvicola 5), (Pl. IV., 1-2), 
(Pl. IV., 6). The same true for the Asilid fly Dasyllis fernaldi 
18). 

Five other bumblebee species the Colorado area, namely, 
Bombus centralis 18), borealis 12), gelidus 
kirbuellus (not figured), appositus 12) have also the 
same type coloration with the characteristic rufous abdominal 
segment like that rufomaculata. The coincidence 
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coloration the segments not exact the first four 
bumblebee species enumerated above, but the reappearance 
some segments with red pile must regarded characteristic 
feature both insect genera this region. strange that the 
Caucasian mountain species flies and bees are partly changing 
their pile into shining white color, whereas the American 
mountain species tend turn into bright vermilion coloration. 

Another group, consisting bumblebees with shining wax 
yellow coloration also present the Colorado region. This 
includes sonorus (Pl. IV., 3), morissoni (Pl. IV., 4), 
nevadensis IV., 5), terricola 14). regards the 
distribution black and yellow bands, the first three species are 
like the first group the eastern bumblebees, and the fourth one 
like the bumblebees the second eastern group. The main 
difference observed the tint the yellow pile, which 
extremely bright sonorus and terricola. 
apparently again case color convergence, but which 
present only the hymenoptera group, flies this kind 
have been collected this mountain zone. Occasionally 
possible find Volucella flies with the more brilliant wax yellow 
pile, but must pointed out that the yellow hairs the flies 
vary intensity pattern from light ochre swarthy brown, 
more exactly from maize yellow through wax yellow deep 
colonial buff. Many slight variations can also noticed the 
red pile. The black color the contrary always constant. 
Many are like these bumblebees; exact distribution 
the same colored bands can observed Dasyllis lata var. 
Mallota posticata 19). 


CONVERGENCE COLORATION BETWEEN FLIES THE PACIFIC 
CoAST AND THE Bombus SPECIES WHICH INHABIT 
THE SAME REGION. 


The Volucella bombylans facialis 12). 


This fly one the darkest when compared with the other 
pilose species this family. The pleura are black pilose; the 
dorsum the thorax has larger area covered with black hairs 
than all other Volucella flies. The black hairs the third 
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abdominal segment extend also partly onto the second ring, and 
sometimes the upper quarter the fourth abdominal ring. 
The last segments are yellow pilose reddish. increase 
black hairs thorax, scutellum and abdomen also charac- 
teristic for the endemic bumblebees. Bombus vosnesensky 
good examples this. Volucella facialis distributed along the 
Pacific coast and Alaska. The coincidence the distribution 
black and yellow bands Volucella flies and bumblebees 
this zone not absolutely exact, but yet the increase the 
black hairs and the distinct and parallel process melanization 
both insect genera strikingly evident. 


Volucella facialis lateralis 11). 


This fly extremely like the former one, but the pleura are 
yellow pilose, and the black spot the dorsum the thorax has 
more reduced area than lateralis belongs 
the Canadian zone (Alaska Newfoundland, Mt. Desert) and is, 
other flies and bumblebees this large area, and com- 
parison has thus been impossible. 


SUMMARY. 


The European Syrphid fly Volucella Bombylans and its 
varieties, and plumaia have coloration which 
corresponds the coloration the majority European bum- 
blebees. The same true many other pilose flies Europe. 

The Caucasian Volucella bombylans caucasica has color- 
ation which corresponds the coloration various bumblebees 
this mountain region. The same true for other pilose flies 
this zone. 

The American Volucella bombylans evecta-americana the 
eastern states and other species Syrphid flies have exactly the 
same color patterns six different Bombus species this region; 
four different Bombus the same area have the same type 
coloration three other beelike flies the eastern states. 


Volucella bombylans evecta sanguinea, and Eristalis flavipes 
var. melanostoma the eastern states are rare and parallel 
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variations which have analogous coloration that Volucella 
bomb. var. rufomaculata the facialis group and the Rocky 
Mountain region. 

Volucella bombylans arctica the evecta group similar 
coloration the arctic bumblebee Bombus gelidus and other 
species. 

Volucella bombylans var. the Rocky moun- 
tains has similar coloration twelve different bumblebee 
species which occur the same region. The Asilid fly Dasyllis 
fernaldi the same zone has corresponding coloration 
rufomaculata and the twelve bumblebee species. 

Volucella bomb. facialis the Pacific coast has analogous 
color patterns three bumblebee species this zone. Volucella 
bomb. facialis lateralis the Canadian zone and bomb. evecta 
the eastern states have not been studied account absence 
data their distribution. 

greatly indebted Dr. Sturtevant, Dr. Johnson and 
Dr. Lutz, for the use their collections flies and Bombus, 
also for their help and advice this work. 
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EXPLANATION PLATES I-IV. 


All figures represent flies schematized way. The upper square the thorax; 
the second one the scutellum; the third isthe abdomen. The dotted line between 
the abdomens different flies shows the segments the insects. The head not 
drawn. Plate the black color corresponds the black pile, the white 
white hairs, the spotted parts are yellow coloration, and the vertical parallel 
lines correspond cadmium orange tint the flies. all the other plates, (I. 
(11-27) and III., IV.) the uncolored parts the schemes correspond different 
tints yellow (the exact color stands the explanation the plates; these colors 
have been compared with Color Standards—R. Ridgway, 
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Standards and Color 1912, Washington). The black parts are 
again black the flies and bumblebees; the striped individuals have those 
segments cadmium orange coloration. The exact shades these different red 
tints are given under every figure the explanation the plate. 


EXPLANATION PLATE (Nos. 
The European and Asiatic Groups Volucella Bombylans. 


Volucella Bombylans, 

Volucella Bombylans, var. rufa 

Volucella Bombylans, var. flava. 

Volucella hemoroidalis 

Volucella plumata 

Volucella plumata 

Volucella caucasica 

Volucella altaica 

10. Volucella plumata 

The yellow pile variable. Specimens these flies are found with maize 
yellow (19-40, f., Pl. IV.), wax yellow (21, Pl. XVI.), and deep colonial buff 
yellow (21, Pl. XXX.). The red pile less variable, yet specimens with 
cadmium orange (13, III.), Mars yellow III.), ochraceus 
tawny (15-00, Pl. XV.) are found. 

The white pile snow white, with slight yellow tint. 


EXPLANATION PLATE (Nos. 


The North American Group Volucella 


The 
yellow. 


evecta, 


Volucella bombylans facialis lateralis, 


evecta var. sanguinea, yellow. 


The North American Bumblebee-like 11-27. 


The yellow pile maize yellow (19-40, f., Pl. IV.), the red pile cadmium 
orange (130-0 


18. Mallota posticata, 

19. Mallota posticata var. 

24. Er. flavipes var. yellow maize yellow. 


yellow maize yellow. 
Gray pile. 


Wax yellow pile. 


25. Er. flavipes var. melanostoma, 
26. Er. bastardii, 
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EXPLANATION PLATE II. 


The North American Bumblebee-like and Flies the Criorhina Group. 


12. grossa var. 

13. Criorhina nigripes, 

14. Criorhina verbosa, 

15. Criorhina kincaidi var. 
16. Criorhina kincaidi var. 
17. Cephenomya abdominalis, 


Deep colonial buff. 


Wax yellow 
deep co- 
lonial buff. 


18. Dasylus fernaldi, Cadmium orange, maize yellow. 
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EXPLANATION PLATE III. 


Bumblebees the Eastern States North America. 


First Group 


Bombus vagans, (Deep colonial buff 21”, XXX.) 


(Deep colonial XXX.) 


12. 
13, 
14. 
16. 
17. 


(Deep colonial XXX.) 


(Deep colonial XXX.) 


(Deep colonial XXX.) 


(Olive buff, XL.) 


Second Group 12-18. 


14. pensylvanicus, (Mustard yellow 19’, XVI.) 
14. auricomus, (Deep colonial buff, XXX.) 


pensylvanicus, 
pensylvanicus, 


pensylvanicus, 


(Mustard yellow, XVI.) 
(Mustard yellow, XVI.) 
(Pyrite yellow, IV.) 


(Pyrite yellow, IV.) 
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EXPLANATION PLATE IV. 


Bumblebees the Rocky Mountains. 


huntii, (Amber yellow, XVI.) 
(3d and 4th abd. segments cadmium orange, III.) 
melanopygus, (Cartridge buff XXX.) 
(3d and 4th abd. segments cadmium orange III.) 
melanopygus, (Segments cadmium III.) 
(3d and 4th abd. segments orange rufous, 11’, 
(3d, 4th and abd. segments cadmium III.) 
(130—light buff, XV.) 

flavifrons, (Thorax light buff, 17’, XV.) 
(Abdomen ochraceus tawny, XV.) 
flavifrons, (Antimony yellow, 17’, XV.) 
rufocinctus, (Thorax, colonial buff, abdomen olive ochre, 
XXX.) 

10. rufocinctus, (Colonial buff.) 

11. rufocinctus, (Colonial buff.) 

12. apositus, (Thorax white with gray.) 

borealis, 

13. edwardsii, (Maize yellow, IV.) 

14-15. edwardsii, (Maize IV.) 

16. edwardsii, (Cadmium orange, III.) 

17. edwardsii, (Cadmium orange, III.) 

18. centralis, (Maize yellow, —.) 
(Cadmium orange, II.) 


EXPLANATION PLATE IV, 


The Arctic Species Bumblebees (Labrador). 


The Wax Yellow Group Rocky Mountain Bumblebees. 


EXPLANATION PLATE IV. 


Bumblebees the Pacific Coast (California-Alaska). 
(4th, 7th segments flame II.) 
californicus, (Chartreuse yellow, XXX.) 
10. californicus, (Yellow ochre, XV.) 
11. californicus, (Yellow XXX.) 
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